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Abstract 
Effective large scale deployment of CCS requires recognized standards and guidelines. This paper presents a new 18 month Joint 
Industry/Public Project (CO2QUALSTORE) that aims to develop a systematic risk-based procedure for selection, 
characterization and qualification of sites and projects for geological storage of CO2. The project will integrate and interpret 
results from R&D and pilot projects into a guideline format. Target users are operators, authorities, verifiers, and other 
stakeholders. The guideline will include examples from case studies; links to decisions during development, operation and 
closure; assistance in complying with regulations; as well as accounting for emissions avoided.  
© 2008 Elsevier Ltd. All rights reserved 
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1. Introduction 
In the portfolio of options for reducing anthropogenic CO2 emissions to mitigate global warming and other 
consequences related to the greenhouse gas effect, carbon capture and storage (CCS) has been highlighted as one of 
the key technologies that can facilitate a transition to a more carbon neutral world. However, for CCS to play a 
significant role in combating climate change, thousands of commercial scale CCS projects must be initiated around 
the world within the coming decades. This requires political will to provide market mechanisms that provide 
financial incentives for operators to initiate CCS projects. Another critical gap that must be addressed before large 
scale deployment of CCS can commence is the development of acknowledged procedures for the selection, 
characterization of CO2 storage sites and projects [1,2]. Indeed, although legal and regulatory frameworks for CCS 
are urgently needed, such frameworks need to be supported by best practice guidelines and industry standards. 
Moreover, authorities and the public demand a robust, traceable and transparent approach that gives credibility to 
the proper management of risks and uncertainties in compliance with regulations and conventions.  
As a response to these demands, DNV, Gassnova SF and the Norwegian Petroleum Directorate (NPD) took a 
joint initiative in 2007 to develop a methodology and guidelines designed to select, characterize and qualify sites 
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and projects for geological storage of CO2 [3]. The project tested out early methodical elements in a risk assessment 
process with internationally recognized CCS experts. The test case provided input to the feasibility evaluation of 
potential offshore storage sites for the CO2 to be captured from the Kårstø and Mongstad gas power plants in 
Norway that were planned to be operational with CO2 capture and sequestration by 2012 and 2014, respectively.  
Building on the lessons learned in this and other projects, DNV has now launched a new Joint Industry/Public 
Project (CO2QUALSTORE) that shall deliver guidelines for selection and qualification of sites and projects for 
geological storage of CO2 by October 2009. The participants include oil and gas companies, energy companies, 
service and supply companies, CCS interest organizations, public agencies, regulators, and experts from research 
and development. The guidelines are aimed to contribute to consistency among deployment of emerging regulatory 
frameworks. It is also intended that the guidelines will be updated as new knowledge and technology suggest that 
modifications should be made, and be maintained as a publicly available global DNV recommended practice serving 
as a reference for how to qualify, manage and approve sites and projects for geological storage of CO2.  
This paper will present the key objectives of CO2QUALSTORE, give references to historical projects that have 
contributed to a basis for developing the target guidelines, and explain how CO2QUALSTORE is complementary to 
other previous and ongoing projects that aim or have aimed to build best practice guidelines. This includes previous 
projects where components of a qualification procedure for CO2 storage sites have been tested. CO2QUALSTORE is 
also related to two other Joint Industry Projects coordinated by DNV addressing the capture and transport part of the 
CCS value chain. The development of a guideline for qualification of technology for CO2 capture based on [4] was 
recently completed [5,6].The development a pipeline guideline for transmission of CO2 in dense phase [7] based on 
the current DNV-OSS-401 pipeline standard [8] will go on in parallel with CO2QUALSTORE. 
2. Structure of projects for geological storage of CO2 
Projects for geological storage of CO2 will proceed in many stages, see Figure 1. During each phase, the operator 
will need to comply with certain performance based requirements.  
Prior to storage a site has to qualify against criteria set by operators, regulators, public and other stakeholders. 
The objective of the screening phase is to identify and rank candidate storage sites based on available (and 
availability of) data, as well as economic, logistic and HSE (health, safety and environmental) considerations.  
The key objective of the site characterization phase is to provide the geological information necessary to identify, 
as far as can be discerned prior to large scale injection of CO2, which sites will perform effectively and safely. The 
results from the site characterization will typically provide the basis for a storage performance assessment report 
which may be submitted as part of the storage permit application. A site and project development plan will also 
typically be outlined in the storage permit application. Such a plan will have to consider how to manage risks during 
the operation, closure and post closure phases including monitoring and verification,  further data collection, 
remediation in case problems occur, requalification in case of changes, etc. The assessment will have to cover 
natural (inherent) attributes of the storage complex, legacies from past activities at the site (e.g. old boreholes), 
requirements to engineered design and operational procedures. The qualification documentation could be regarded 
as a safety case demonstrating that CO2 can be stored safely and without leakage in a specific reservoir and technical 
system against the whole range of environmental, technical and human threats.    
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– Site Selection – Injection / Post-Injection – Transfer of Liability 
– Project Development Plan – Monitoring (HSE) – Post-Closure Site Care  
Figure 1: Phases and permits typically associated with CO2 storage projects.  
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The operational phase is includes the pre-injection site construction and preparation, injection and post-injection 
periods prior to site closure. During this phase modeling and monitoring will be performed to calibrate the 
simulation models to the observations until the site is well understood, the behavior of the storage complex can be 
confidently predicted from the modeling, and there is no significant risk of leakage of CO2 or formation fluids. 
When this state is reached, the operator may prepare for site closure.  
The site closure permit may be granted based on a final storage performance assessment report that demonstrates 
in a sufficiently detailed way that site evolution can be adequately assessed, that there is no current leakage of CO2, 
and that the potential for future leakage of CO2 or other formation fluids that pose a risk to humans or ecosystems is 
insignificant provided conflicting uses that may compromise the integrity of the storage complex are avoided. 
After proper decommissioning of the injection facilities, the remaining wells have been plugged and abandoned, 
and a cite closure certificate has been issued, the site will be formally closed and monitoring will cease. 
Responsibility for a closed site, including all ensuing legal obligations, shall be transferred to the regulator on its 
own initiative or upon request from the operator, if and when all available evidence indicates that the stored CO2 
will be completely contained for the indefinite future. 
3. Overview of related projects 
A series of projects and regulatory and environmental agencies world-wide, (e.g., [9–17]) and a number of 
research papers (e.g., [18–22]) have contributed to developing guidelines and best-practices for geological storage of 
CO2. The guidelines that will be developed in CO2QUALSTORE builds on these and other CO2 storage R&D, pilot 
and demo projects and efforts, but will also differ from other related projects in several fundamental ways. To 
indicate how this project is complementary to other projects, we present in Table 1 an overview of the target region 
of applicability and usability (degree of user friendliness) for a representative selection of related projects. 
 
Table 1: Selected projects that have contributed to develop guidelines and best practice documents for geological storage of CO2. 
 Target applicability region Operator usability Regulator usability 
Project Site Regional Global Low Medium High Low Medium High 
Proposed EC directive2   X   X    X 
Proposed rule EPA/UIC3   X   X    X 
WRI Guidelines for CCS4   X   X   X  
CO2ReMoVe5    X X    X  
SACS/CO2STORE6 X   X   X   
CO2CRC7   X  X  X   
MCMPR Regulatory 
Guiding Principles8  
 X  X    X  
2006 IPCC Guidelines9    X X   X   
OSPAR Guidelines10   X   X   X  
IOGCC Legal and 
Regulatory Guide11
 X  X    X  
 
2 Proposal for a Directive of the European Parliament and of the Council on the Geological Storage of Carbon Dioxide and Amending Council 
Directives 85/337/EEC, 96/61/EC, Directives 2000/60/EC, 2001/80/EC, 2004/35/EC, 2006/12/EC and Regulation (EC) No 1013/2006, Commission of 
the European Communities, 2008. 
3 Federal Requirements Under the Underground Injection Control (UIC) Program for Carbon Dioxide (CO2) Geologic Sequestration (GS) Wells 
Proposed Rule, Environmental Protection Agency, 2008.  
4 Guidelines for CO2 Capture, Transport and Storage. World Resources Institute, 2008.  
5 Draft Contribution to Future Guidelines for Licensing of CO2 Storage in Saline Aquifers and Depleted Hydrocarbon Reservoirs, 2007. 
6 Best Practice for the Storage of CO2 in Saline Aquifers, Observations and Guidelines from the SACS and CO2STORE Projects. 
7 Storage Capacity Estimation, Site Selection and Characterisation for CO2 Storage Projects, CO2CRC Report No: RPT08-1001, 2008. 
8 Australian Regulatory Guiding Principles for Carbon Dioxide Capture and Storage, Ministerial Council on Mineral and Petroleum Resources, 2005. 
9 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2, Energy, Chapter 5: Carbon Dioxide Transport, Injection and Geological 
Storage, IPCC, 2006. 
10 OSPAR Guidelines for Risk Assessment and Management of Storage of CO2 Streams in Geological Formations, OSPAR Convention for the 
Protection of the Marine Environment, 2007. 
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CO2QUALSTORE JIP   X   X   X 
 
In Table 1 the target applicability region refers to the geographical region that the guidelines attempt to address. 
Site means that the guidelines review lessons learned at specific sites. Regional means that the scope of the project is 
to provide guidelines for CO2 storage within a geographical region, e.g., Europe, USA, Australia, etc. Global means 
that the guidelines are not specifically targeted at a geographical region. 
Furthermore, usability refers to the degree that the guidelines are convenient and practicable for use, i.e., in a 
format that specific guidance to operators (operator usability) or provide a reference document for independent 
verification or for documentation towards regulators, including regulatory compliance (regulator usability). Because 
the CO2QUALSTORE project is deployment driven, a key success criterion is that it delivers guidelines on the high 
end of the usability scale. Note that high regulator usability does not imply that the guidelines aim to build a 
regulatory framework. 
The (proposed) EC directive, for instance, addresses geological storage of CO2 in Europe, and provides 
recommended directives to be implemented by the European Union member states. The proposed directive thus 
attempts to provide guidance to regulators, but does not attempt to provide operators with guidance on an 
appropriately specific level. The proposed rule by the US Environmental Protection Agency (EPA), on the other 
hand appears more usable with respect to a site operator as well as scoring highly on regulator usability. This 
document forms the basis for regulations for “geologic sequestration of carbon dioxide” in the US. From a 
regulator’s point of view, the proposed EPA rule is, in our opinion, adequately detailed and well organized. 
However, the document lacks adequate guidance on how to appropriately manage risks and uncertainties.  
The reasoning used in the assessment of the other projects is based on the same principles as we described above 
for the proposed EC directive and EPA rule.  
Furthermore, since guidelines with high degree of usability for both operators and regulators (including 
independent verification) calls for guidelines with a high level of completeness, the CO2QUALSTORE project will 
be broader in scope than most of the other projects listed in Table 1. This implies that the scope of 
CO2QUALSTORE will cover the whole project life cycle, for both onshore and offshore sites, from site screening, 
site characterization and initial storage permit application through obligations during the post-injection, site closure 
and post-closure phases. Consequently the CO2QUALSTORE project will need to address legal and regulatory 
issues, needs for verification, monitoring reporting and risk assessments, as well as public outreach and financial 
obligations at a sufficiently detailed level to serve as guidance for both regulators and operators. 
4. CO2QUALSTORE 
The primary objective of CO2QUALSTORE is to develop a risk-based qualification procedure (guideline) suited 
to the decision process of; 
o identifying, characterizing and selecting the best-suited sites and projects among a list of candidates;  
o defining qualification criteria, and providing the evidence that the site and project will function reliably 
according to these qualification criteria;  
o verifying that a selected site and its planned management procedures comply with given standards and 
regulations, and that the available data and management procedures and contingency (remediation) plans 
provide sufficient confidence that the site will provide long-term storage of CO2. 
The target users are operators, authorities, third parties and other stakeholders involved in site characterization and 
selection, project planning, project/site approval, and independent verification. The guideline shall be suited for 
issuing certified statements meeting the needs of users and stakeholders at various decision milestones.. 
CO2QUALSTORE is organized as a Joint Industry/Public Project (JIP). In addition to DNV – Det Norske Veritas 
AS, the committed partners include two Norwegian NGOs, the IEA Greenhouse Gas R&D Programme, seven oil 
and gas or energy companies and two service companies. Moreover, by consulting a reference group consisting of 
representatives from public authorities and relevant international organizations (including the European 
Commission) the project will seek to ensure that the guidelines are consistent with emerging regulatory frameworks.  
                                                                                                                                                                                           
11 Storage of Carbon Dioxide in Geological Structures – A Legal and Regulatory Guide for States and Provinces, The Interstate Oil and Gas Compact 
Commission Task Force on Carbon Capture and Geological Storage, 2007. 
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CO2QUALSTORE shall give concrete guidance on how a site can be qualified for CO2 storage from a risk 
management perspective considering its inherent attributes, engineered design, operation, decommissioning and post 
operation. As such it may be regarded as a deployment driven project, as opposed to an R&D driven project. 
Particular focus will be placed on addressing the needs of operators and regulators for guidance on how to;  
o define the storage site attributes that needs to be demonstrated;  
o determine data and analysis requirements necessary to provide confidence that a storage site has the required 
attributes and assign and rank risks to different attributes based on the available (and missing) data; 
o implement an environmentally and economically acceptable procedure for the storage site operation, 
including compliance with codes, standards, legislation, and applicable directives;  
o develop a Monitoring, Measuring and Verification program for the operational and post-operational phases;  
o define requirements to mitigation and remediation plans; 
o manage storage sites following a transparent, consistent and cost-effective process that meets the 
expectations of authorities, stakeholders and the general public. 
The guideline document will be based on principles outlined in [4,8], but modifications and adjustments will be 
made to adapt the procedure to selection and qualification of CO2 storage sites and projects. In particular, the 
qualification process will be adapted to fit the needs for storage performance assessment as part of the site 
evaluation process for storage permitting and licensing, see Figure 2. Results from [3] suggest that the guidelines 
could have a hierarchical structure where 
o Part I defines the qualification principles and objectives. 
o Part II identifies the specific statutory requirements that the operator will need to address during the various 
stages of the site and project selection and qualification process. 
o Part III provides adequately detailed guidance on how to meet the stipulated requirements. 
o Part IV describes selected case studies and industrial deployment examples that can be used as a reference 
for how a systematic qualification process can be applied at specific sites. 
In particular, in addition to harvesting lessons learned from R&D and industrial CCS projects, CO2QUALSTORE 
will initiate and run a series of case-studies that address issues where gaps in knowledge and experience are 
identified in order to gain experience and identify potential solutions. It is intended that the case studies shall cover 
different steps of the qualification approach, and largely be devoted to issues relevant to the respective operators 
current needs for qualification at specific sites. The two of the case studies that have been agreed so far will 
o Document the storage site selection process, offshore Norway, for CO2 planned to be captured from gas-fired 
power plants at Kårstø and Mongstad on the west-coast of Norway. 
o Develop site characterization criteria to be used in the guidelines in collaboration with IEA GHG. 
Three additional case studies – a case study addressing a site selection and qualification process in Germany, a case 
study addressing how to document a site verification process as part of a potential permit review, and a case study 
showing how quantitative risk and uncertainty assessment activities at In Salah could be communicated to regulators 
as part of documenting proper site management – are currently in negotiation. 
                      
 
Figure 2: Tentative outline of guidelines to be developed in the CO2QUALSTORE JIP and a preliminary 
qualification flow chart for storage performance assessment at key decision milestones. 
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4.1. Technology qualification 
The concept of technology qualification was adopted by the offshore industry some 10 years ago when 
discovering that their pace of innovation was slow compared to other industries. New ideas remained in the 
laboratories and old inefficient but proven solutions were used in the field. The qualification process aims at 
assisting in developing and operating new technologies in a financially sound, safe, reliable and environmentally 
friendly way, and providing documented evidence for this performance. The qualification approach is particularly 
relevant when there is a lack of relevant codes and standards, and the purpose of the approach is to reduce 
uncertainties as the project is being developed. In [4] qualification is defined as “the process of providing the 
evidence that the technology or system will function within specific limits with an acceptable level of confidence.”  
Geological storage of CO2 is faced with several challenges that makes a qualification approach to the site and 
project approval an attractive solution, in particular when there is little data and knowledge about the candidate 
storage sites, their geology and their FEPs (Feature, Event, Process). Note that specification of acceptance criteria is 
difficult since we lack relevant statistical data suited to define leakage probabilities, and because CCS is a fairly 
immature technology (at least at the scale in question) and there is an extreme long-term perspective of risks and 
uncertainties. Hence, instead of defining an acceptable risk level one could define an acceptable qualification 
process with focus on managing risks, reducing uncertainty and providing confidence to stakeholders.  
Qualification of storage sites and projects refers to a formal and structured process for assessing and building 
credibility that a site will serve as a safe storage provided it is managed according to accepted and approved plans. 
This could include compliance checks with regulations, codes, standards, guidelines, contracts, stakeholder 
expectations, etc. A key motivation for adapting a technology qualification process to assess and evaluate sites and 
projects for geological storage of CO2 is to ensure that operators undergo a responsible and structured process 
aiming to verify the (maintained) integrity of the storage site, and that they have the means and resources to operate 
the site in a safe and responsible manner. A qualification approach will also, as opposed to a strict set of rules and 
regulations, allow operators flexibility to choose data collection and analysis methods that they find most suitable 
for demonstrating storage integrity while taking into consideration the associated uncertainties. 
In the guidelines it is proposed that the qualification procedure provides the basis for a storage performance 
assessment report that gives the basic evidence that a storage site functions and will continue to function according 
to plans within agreed operating limits. Figure 2 illustrates the basic steps of a tentative qualification process that 
includes risk assessment and lends itself to verification of storage performance assessment. 
5. Risk assessment and verification 
DNV has previous experience with the methodology that is being developed as part of this JIP project and has 
applied it in CO2 storage risk assessment studies at the following sites:  
o Ketzin – DNV with partners wrote the Safety Case for Long Term Storage of CO2 for the CO2SINK project.  
o Kårstø & Mongstad – DNV performed an early stage site screening and risk assessment for potential storage 
sites on behalf of Gassnova.  
o Nordjyllandsværket – Vattenfall invited DNV to perform an early stage risk assessment of the proposed 
storage site for this full scale CCS project.  
A common feature of the latter two risk assessment studies was the use of panels of experts to identify and rank 
potential hazards at each of the sites. The experts were chosen in each case to represent a relevant range of 
disciplines and were selected from a range of companies and institutions in order to offer a degree of objectivity. In 
addition to identifying potential hazards, the experts were also called upon to flag up significant gaps in current 
knowledge and experience that could represent risks in their own right. 
The DNV Structured What-If Technique (SWIFT) was used to facilitate the expert workshops in all three cases 
listed above and this ensured the discussions were comprehensive, efficient and proactive in identifying potential 
hazards. The distinctive features of SWIFT are that it follows a procedure that combines brainstorming, structured 
discussion and checklists to ensure completeness. It considers the activity from a top-down perspective starting with 
systems or operations, rather than individual features, events or processes. SWIFT also assists in mapping 
uncertainty related to the probability and/or consequence of hazards and encourages the experts to be conservative in 
estimating risk.  
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Following hazard identification, the experts were used to rank the hazards in order of significance and discuss the 
causes and consequences associated with each one and describe risks in semi-quantitative classes, consequence and 
probability. The nature of the risks was examined in terms of Features, Events and Processes and it was found that 
frequency should be used to describe events, while probability should be used to describe Features and Processes. 
Barrier analysis was conducted by the experts by addressing safeguards that could mitigate the risks associated 
with each hazard and covered natural geological barriers, engineered barriers and operational safeguards. 
5.1. Verification 
The above experience with CCS risk assessment has contributed to DNV’s role in developing verification 
protocols for CO2 storage. The concept of verification is relevant for both the short term safety issues related to CCS 
projects and the long term climate change benefits. The latter concept originates from the accredited certification 
services that are employed for reducing greenhouse gas (GHG) emissions under various Emission Trading Schemes 
(ETS), e.g.; the validation, verification and certification of Clean Development Mechanism (CDM) and Joint 
Implementation (JI) projects under the Kyoto protocol. Indeed, in order for operators to get carbon credits for stored 
CO2, the storage performance assessment must also contribute to assess and verify quantities permanently stored.  
As a partner in the EU funded CO2ReMoVe research project, DNV has contributed to developing the 
requirements for independent monitoring and verification of CCS projects. This work has addressed what CCS 
operators can expect from existing emissions trading schemes and what data requirements might be anticipated. 
DNV is developing more procedurally specific verification protocols for storage site evaluations in collaboration 
with partners. Selected parts of these protocols are being considered for testing in collaboration with the Southwest 
and Western Regional Partnerships for CCS in the USA (Southwestcarb and Westcarb). 
A verification process for quantification of stored CO2 should include the following steps: 
o Strategic analysis - verify the baseline site characterization, initial storage performance prediction, 
monitoring plan, map the CO2 source streams within the site, as well as the data flow and its control system 
including the overall organisation with respect to monitoring and reporting; 
o Risk assessment - analyse the inherent risks and control risks related to the scope and complexity of the 
operator's storage activities and CO2 sources and source streams which may lead to a material misstatements 
and non-conformities, and draw up a verification plan which is commensurate with this risk analysis. The 
verification plan should describe the way in which the verification activities are to be carried out.  
o Verification - conduct a site visit, when appropriate, to inspect the operation of metering devices and 
monitoring systems, conduct interviews, and collect sufficient information and evidence. Confirm the 
validity of the information used to calculate the uncertainty level as set in the approved monitoring plan. 
Verification will also be needed to validate the findings and conclusions in the storage performance assessment 
report that will serve as the geological basis for acquiring storage and closure permits. The verification of these 
reports will need to be wider in scope, and consider the data collected, the modeling and simulations performed, the 
risk and uncertainty identification and quantification activities, environmental aspects, as well as any other issues 
that may influence the basis for granting of storage and site closure permit. 
6. Discussion and conclusions 
We have presented a Joint Industry/Public Project (CO2QUALSTORE) that aims to develop a procedure for 
selection, characterization and qualification of sites and projects for geological storage of CO2. It is shown that the 
project is complementary to other projects previous and ongoing projects that aim or have aimed to build best 
practice guidelines. The two principle features that makes the project unique are; (i) the project is deployment driven 
addressing the needs of operators and regulators for appropriately specific procedural guidelines; and (ii) approval 
and permitting processes are linked to verification of storage performance assessment reports based on a risk-based 
qualification procedure. The qualification procedure shall allow operators flexibility to choose data collection and 
analysis methods that they find most suitable for demonstrating storage integrity while taking into consideration the 
associated uncertainties. 
Experience gained from previous projects indicates that the concept of storage site qualification is a powerful tool 
for gaining stakeholder acceptance of CO2 storage sites. Indeed, a performance based qualification approach creates 
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a more flexible and relevant set of acceptable criteria that is specific to any given site and addresses the principle 
risk factors in each case. There do, however, remain a number of serious challenges for large scale implementation 
of CCS, not least public understanding and acceptance of the benefits and technical challenges. Successful 
communication of the relevant geological phenomena and storage principles will be crucial, in addition to a 
transparent and public discussion of the costs and benefits of CCS in general. 
CO2QUALSTORE, which aims to make a positive contribution to these discussions by harvesting a wide range 
of experience with CO2 projects and highlighting best practice in the industry today. Where gaps in knowledge and 
experience are identified, case studies will be initiated in order to gain experience and document potential solutions.  
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